The purpose of this study was to determine the specific muscles that may contribute to sprint performance. Eleven female 100-m sprinters and nine non-sprinters volunteered. Thigh muscle volume (MV) was measured using magnetic resonance imaging (MRI) images obtained from the spina iliaca anterior-superior to below the distal end of the femur. The MV of the adductors, quadriceps and hamstrings was calculated. Evidence for the null/alternative hypothesis was provided thorough the calculation of Bayes Factors (BF 10 ). Differences represented as median δ (95% credible interval). .2] were greater in sprinters than in non-sprinters. This was also observed when MV was normalized to body mass (cm 3 /kg). Absolute and relative MVs in the adductor longus, the adductor brevis, the adductor magnus, pectineus, and gracilis were also greater in the sprinters. However, percentage of component adductor relative to total adductors MV appeared similar between the two groups. There was no evidence for a correlation between sprint time and quadriceps, hamstrings and adductors MV relative to body mass. Within the adductors, there was evidence for a correlation between sprint time and adductor brevis MV relative to body mass [r = −0.652, BF 10 : 3.028, δ −0.548 (−0.870, 0.040)]. Although the credible interval was wide, our results suggest that the adductor brevis may contribute to sprint running performance in female sprinters. This may be related, in part, to supporting the flexion and medial rotation of the thigh. How to cite this paper: Yasuda, T.,
Introduction
Magnetic resonance imaging (MRI) of the lower extremities and trunk muscles in sprinters has been studied by several researchers [1] [2] [3] [4] in an effort to examine the specific muscles that contribute to sprint running performance (i.e. best 30 -100 m dash time or maximal running speed). For instance, Hoshikawa et al. [2] reported that a larger muscle cross-sectional area (CSA) of the psoas major relative to quadriceps muscle CSA was correlated with a season-best 100 m time in 22 junior male and 22 junior female sprinters. Similarly, Copaver et al. [1] observed a correlation between sprint performance (50 m and 120 m dash times) and psoas major muscle CSA as well as hip flexion power in 10 Afro Caribbean athletes including soccer, tennis, track and field, and combat sports. Recently, a study by Sugisaki et al. [4] reported correlations between the season best 100 m time and absolute muscle volume of the psoas major, gluteus maximus, gluteus medius plus minimus, and hamstrings, while other muscles include adductors which did not correlate to the performance in 31 Japanese male sprinters. These findings suggest that the psoas major and gluteus maximus, which act as flexion or extension of the thigh, may be specific muscles that contribute to sprint running performance.
The adductors consist of three major muscles namely the adductor longus, adductor brevis, and adductor magnus with the primary function known as a hip adduction and a medially/laterally rotation of the thigh [5] . During sprint running, however, these muscles perform different functions at different moments of the action. For example, the adductor longus located in anteromedial thigh acts to flex the hip just after toe-off and remains active during the follow-through and early forward swing [6] , while the adductor magnus located in posteromedial thigh acts to extend the hip from the flexed position during backward swing [7] . From the studies of electromyography [6] [7] , the functions of the adductors may be not only hip adduction and lateral rotation of the thigh but also contributes to hip extension and flexion during sprint running. However, it is unknown how each individual adductor correlates with sprint performance in sprinters. Thus, the purpose of this study was to determine how muscle volume differed between sprinters and non-sprinters and determine the relationship between individual adductor muscles and sprint performance. If a correlation does exist, this might suggest an important role of that particular muscle during sprinting and may offer a target of emphasis for future researchers and practitioners.
Methods
Eleven female competitive 100-m sprinters (competing at least at national level) and nine age-matched college students (non-sprinters) were recruited for the study. The body composition of the sprinters and non-sprinters are indicated in Table 1 . The best official time (100 m) was used for evaluating sprint performance. The sprinters contain five elite sprinters who participated in the World Championships and/or Asian Games and the other six sprinters were members of the university's track and field team. All sprinters were involved in regular sprint training at least five times a week and resistance training two times per week. The non-sprinters were healthy university students and were physically active performing aerobic-type exercise (i.e. jogging and swimming) regularly 2 -3 times a week (approximately 30 min each session), but none of the participants had participated in regular strength/resistance training for a minimum of 3 years prior to the start of the study. The study was conducted according to the Declaration of Helsinki and was approved by the university's Ethics Committee for Human Experiments. Written informed consent was obtained from all the participants.
Subcutaneous fat thickness was measured using ultrasound as described previously [8] . Body density was estimated from subcutaneous fat thickness using an ultrasound-derived prediction equation [9] . Percent body fat was calculated from body density using Brozek and colleague's equation [10] . Fat-free mass was estimated as total body mass minus fat mass. Body mass and standing height were measured to the nearest 0.1 kg and 0.1 cm, respectively, by using an electronic weight scale and a height scale. Body mass index was calculated as body mass/standing height squared (kg/m 2 ). Series cross-sectional images of the thigh were obtained by magnetic resonance imaging (MRI) scans with a body coil (Signa 1.5T, GE, Milwaukee, Wisconsin, USA) as described previously [11] [12] . Briefly, the subjects lay supine in the body coil with the hip and knee being the full extension. Transverse scans were carried out every 10-mm from the spina iliaca anterior-superior to 10-cm below the distal end of the femur. Spin-echo, axial-plane imaging of the right-thigh was performed with 1500-ms repetition time, 16.7-ms effective echo time, 1 excitation, 384 × 256 matrix, 25-cm field of view, 10-mm slice thickness and 0-mm interslice gap. For each axial scan, muscle CSA computation was carried out on the quadriceps, hamstrings, and adductors (i.e. adductor longus, adductor brevis, adductor magnus, pectineus, and gracilis). From each cross-sectional image, outlines of each muscle were traced, and digitized by using a personal computer, and the muscle CSA was calculated. By summing the total CSA of the muscle along thigh length and then multiplying the sum by the interval of 10-mm, absolute muscle volume was determined. The estimated coefficient of variation of this MV measurement from test-retest (n = 5) was 2% [11] .
A Bayesian independent samples t-test was used to determine if there were group differences in body composition and absolute and relative muscle volume of each thigh muscle with a default prior of 0.707. A Bayes factor (BF 10 ) of ≥3 and ≤0.33 was considered evidence for the alternative and null hypotheses, respectively. For the female sprinters, we performed a correlation between sprint time and muscle volume relative to body mass using a default stretched beta prior width of 1. All Bayes factors were calculated using JASP version 0.9.0.1. Data is presented as mean (standard deviation) unless otherwise stated.
Results
There were no differences in age, height, body mass and body mass index between sprinters and controls. However, sprinters had lower percent fat and higher fat-free mass compared to non-sprinters (Table 1) . Absolute muscle volumes and muscle volume relative to body mass in the quadriceps, hamstrings and adductors were greater in sprinters than in non-sprinters (Table 1) . Similar results were observed in absolute and relative muscle volume in the adductor longus, the adductor brevis, the adductor magnus, pectineus, and gracilis between sprinters and non-sprinters. However, the percentage of each individual muscle to the adductor muscle volume appeared similar between the two groups ( Table 2 ).
In sprinters, percent body fat did not correlate with 100 m sprint time. There was no evidence for a correlation between sprint time and quadriceps muscle International Journal of Clinical Medicine 
Discussion
The main findings of the current study were that 1) adductors muscle volume was approximately 60% greater in female 100 m sprinters compared to age-and height-matched non-sprinters; 2) the percentage of each individual adductor muscle relative to the total adductor muscle volume appeared similar between the two groups; and 3) there was a significant correlation between adductor brevis muscle volume relative to body mass and 100 m sprint time in female sprinters. Of note, the total adductor muscle volume as well as other individual muscles within the adductors did not correlate with sprint performance. There are few studies investigating the individual muscles making up the total thigh volume as measured by MRI in athletes. In the present study, total adductor muscle volume of female sprinters was 907 cm 3 on average. This absolute muscle volume of the adductors was similar as the value of physically active young students (913 cm 3 ) reported by Ogawa et al. [13] Recently, Sugisaki et al. [4] reported MRI-measured muscle volume of the adductor splus gracilisin male 100 m sprinters (1278 cm 3 ). The difference in adductors muscle volume between male and female sprinters was approximately 370 cm 3 , while the difference in the quadriceps muscle volume was approximately 800 cm 3 (2210 cm 3 in male sprinters and 1418 cm 3 in female sprinters). Calculated percentage of adductors relative to total thigh muscle volume was relatively higher in our female sprinters (31%) compared to male sprinters (28%). However, the percentage value of our female non-sprinters was 28%. The significance of this potential sex difference is not known and future research is needed to better understand how the adductors might change with sprint training.
In the present study, we found that adductor brevis muscle volume relative to body mass was correlated with 100 m sprint time. Our data suggests that we are 95% confident that the true effect lies between an r value of −0.87 and an r value of 0.040. Although the credible interval was wide, this particular muscle may suggest a target of investigation in future studies. This is the first study to investigate the correlation between the muscle volume of each individual muscle within the adductors and sprint performance in sprinters. Previous studies reported that there were no correlations between total adductors muscle volume or adductor muscle CSA relative to body mass and sprint performance [3] [4] . In line with the previous studies, our results also indicated no correlation between total adductor muscle volume and 100 m sprint time in female sprinters. Previously reported electromyographic studies [6] [7] measured muscle activity (fine wire electrodes system) of the lower body muscles. Although the adductor longus and adductor magnus were examined during sprint running, the adductor brevis was not measured. This may be related, in part, to the difficulty of measuring muscle activity in this muscle (location is inguinal area and relatively deep). The adductor brevis muscle acts to adduct the thigh at the hip joint and flex and medially rotate the thigh [5] . This muscle also contributes to flexion of the thigh when the foot leaves the ground and begins to swing forward during running [14] . It is known that the psoas major muscle is a muscle for the hip flexion and that muscle volume/CSA of the psoas major is associated with sprint performance [1] [2] [4] . The adductor brevis may support the flexion and medially rotation of the thigh together with the psoas major, which may contribute to sprint running performance in female 100 m sprinters.
Conclusion
In conclusion, we found a correlation between adductor brevis muscle volume relative to body mass and 100 m season best time, although there was no correlation between total adductors muscle volume and sprint performance. These results suggest that the adductor brevis may play a role in superior sprint performance in female sprinters.
